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S9: Figure S2 S10: Figure S3 S11: Figure S4 S12: Figure S5 Research Centre, Hungarian Academy of Sciences, Szeged, Hungary) as described. 1 Guanosine diphosphate (GPD), GTPγS and opioid ligands, DAMGO and diprenorphine were obtained from Sigma-Aldrich Chemicals (St. Louis, MO). All other chemicals were of analytical grade and obtained from standard commercial sources. Compounds 1-4 and 1a-4a were prepared as 1 mM stocks in water or 0.5% in acetic acid, respectively and further diluted to working concentrations in the appropriate medium.
Cell culture
Chinese hamster ovary (CHO) cells stably expressing human opioid receptors, MOR, DOR, or KOR (CHO-hMOR, CHO-hDOR and CHO-hKOR cell lines) were kindly provided by Dr. Lawrence Toll (SRI International, Menlo Park, CA). The CHO-hMOR and CHO-hDOR cell lines were maintained in Dulbecco's Minimal Essential Medium (DMEM)/Ham's F-12 medium supplemented with fetal bovine serum (FBS, 10%), penicillin/streptomycin (0.1%), L-glutamine (2 mM) and geneticin (400 µg/ml).
The CHO-hKOR cell line was maintained in DMEM supplemented with FBS (10%), penicillin/streptomycin (0.1%), L-glutamine (2 mM) and geneticin (400 µg/ml). Cell cultures were maintained at 37°C in 5% CO2 humidified air.
Radioligand binding assays for opioid receptors
Binding assays were conducted on human opioid receptors stably transfected into CHO cells according to the published procedures. 1,2 Cell membranes from CHO-hMOR, CHO-hDOR and CHOhKOR cells were prepared as described previously and stored at −80 °C until use. 
Hot-plate assay
The hot-plate assay was performed as described. 5 
Data Analysis
Experimental data were analyzed and graphically processed using the GraphPad Prism 5.0 Software (GraphPad Prism Software Inc., San Diego, CA), and are presented as means ± SEM. Data were statistically evaluated using one-way ANOVA with Tukey's post hoc test or two-way ANOVA for multiple comparisons, with significance set at P < 0.05.
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Hardware and software specifications 
Ligand preparation
First, the ligand preparation was performed with the import of the smiles codes of compounds into LigandScout, followed by checking the protonation states, along with the strain energy, as the molecules were submitted to further processing, ensuing that the three-dimensional (3D) geometry was relaxed. Next, conformational models were calculated within LigandScout (RMS distance: 0.1; maximal number of conformers: 5). Furthermore, partial atomic charges were assigned from the MMFF94, 12 by running OpenEye's toolkit QUACPAC in default mode.
Molecular docking
Molecular docking of compounds to the active structure of the MOR was conducted as recently reported, 13 with some modifications as described. The X-ray crystal structure of the active MOR conformation was utilized (PDB accession code: 5C1M), 14 accessible via the web portal of the Protein Data Bank 15 (http://www.rcsb.org/pdb/). The amino acid residue D147 was assigned as constraint, as its relevance for the recognition of small drug-like molecules by the receptor was stressed. 16, 17 Three water molecules were included during the docking runs, i.e. HOH505, HOH526
and HOH538, accounting the results reported by Huang et al, 14 which suggest a hydrogen-bonding network. Specifically, these water molecules are involved by mediating a polar contact from the receptor to the co-crystallized ligand, the morphinan BU72. 14 Prior to docking, the preparation of the valuable and substantial 3D structure of MOR was performed within GOLD. Furthermore, the implemented consensus scoring protocol "Chemscore-GS" was employed in this study, following that the settings of the genetic algorithm (GA), a cornerstone of the docking program GOLD, were assigned to a considerably exhaustive variant (GA runs: 20; GA efficiency: 200%), as outlined elsewhere. 18 In addition, the docking runs were performed with up to five conformers per ligand, and S7 by employing adjusted settings for the ligand flexibility, as enhanced flexibility was enabled ("flip pyramidal N", along with "flip ring corners"). In total, five independent runs were conducted, and the three top-ranked docking solutions per molecule and conformer from each of the five runs were collected.
Evaluation
Critical non-covalent interactions between the compounds and the MOR were surmised by inferring 3D pharmacophores or pharmacophore models within LigandScout, as interesting variant to derive key findings from the retrieved poses. 
